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Introduction {#sec2}
============

Coronavirus disease 2019 (COVID-19) is an acute respiratory infective disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus.[@bib1] ^,^ [@bib2] The COVID-19 pandemic has been spreading worldwide rapidly since March 2020. As of late April 2020, it was reported that more than 1,800,000 individuals had been diagnosed and this disease had caused over 200,000 deaths. The rapid increase in cases has led to heavy burdens on public healthcare resources and medical facilities.[@bib3] ^,^ [@bib4] According to the New Coronavirus Pneumonia Diagnosis Program (5th edition), published by the National Health Commission of China, the disease severity of patients with COVID-19 can be divided into 4 categories: mild, moderate, severe, and critical.[@bib5] Current experience reveals that the majority of infected individuals (approximately \>80%) are not severely affected and can recover without medical intervention, whereas a small number of cases need to be carefully treated and hospitalized.[@bib6], [@bib7], [@bib8], [@bib9] The mortality rate for severe cases, particularly those that are critically ill, is quite high. It is therefore critical to identify reliable predictors for disease severity to improve outcomes and conserve medical resources.

Recent studies have shown that a variety of risk factors are associated with the prognosis of COVID-19. Patients with cardiovascular diseases, diabetes, and other comorbidities are often subject to acute respiratory distress syndrome, shock, multi-organ failure, cytokine storm, and other serious complications in COVID-19.[@bib8] ^,^ [@bib10], [@bib11], [@bib12] These patients commonly have a poor prognosis. However, patients with moderate COVID-19 and no underlying diseases can also develop the complications described above and progress to the severe or critically ill types.[@bib11] ^,^ [@bib13] According to the latest guidelines published by the National Health Commission of China, the diagnosis of severe and critically ill patients must rely on complex procedures such as imaging tests and blood gas analysis. In a pandemic situation, it is difficult to perform these diagnostic examinations on all patients. It is therefore particularly important to identify more easily detectable and earlier predictors to achieve extensive screening of patients and optimize the allocation of medical resources.

Recent studies from different cohorts of patients have identified several factors, including viral load,[@bib14] ^,^ [@bib15] lymphocytes percentage,[@bib16] ^,^ [@bib17] C-reactive protein (CRP),[@bib18] ^,^ [@bib19] interleukin-6 (IL-6),[@bib17] ^,^ [@bib20] procalcitonin (PCT),[@bib21] ^,^ [@bib22] and lactic acid (LA)[@bib23] as warning indicators of prognosis in COVID-19 patients. However, it is still unclear which of these factors are the most sensitive and reliable indicators for predicting the prognosis of COVID-19 in the early stage. Besides, early indicators for disease classification are also urgently needed. In the present study, based on the clinical information of 142 patients with COVID-19, we compare and validate the predictive power of several reported risk factors for disease classification and prognosis in COVID-19 in a descriptive manner.

Results {#sec3}
=======

Validation of Risk Factors for Prognosis in COVID-19 Patients {#sec3.1}
-------------------------------------------------------------

To investigate the mortality-associated risk factors, we initially collected clinical information from admission to discharge (or death) on a cohort of COVID-19 patients, dividing them into survivors (n = 117) and non-survivors (n = 15). First, the baseline information of these patients was analyzed. We found that older patients, especially those over 90 years of age, had a higher risk of mortality ([Table S1](#mmc1){ref-type="supplementary-material"}). Female patients had a higher recovery rate and lower mortality rate than males ([Table S1](#mmc1){ref-type="supplementary-material"}). The non-survivor group had a higher ratio of comorbidity, such as cardiovascular disease and diabetes, than the survivors ([Table S2](#mmc1){ref-type="supplementary-material"}). In addition, relative to the cured patients, the non-survivors also had an increased incidence of complications like acute respiratory disease syndrome, septic shock, hemorrhagic shock, gastrointestinal bleeding, organ dysfunction, and multiple organ failure ([Table S3](#mmc1){ref-type="supplementary-material"}).

Second, we retrospectively analyzed the serum levels of CRP, PCT, IL-6, and LA, the percentage of lymphocytes (LYM%), and Ct values of viral tests in the survivors and non-survivors. After disease onset, the levels of all the aforementioned indicators showed little change in the survivors, while they were notably altered in the non-survivors ([Figures 1](#fig1){ref-type="fig"} A--1F). The levels of CRP and IL-6 in the peripheral blood of non-survivors increased quickly after symptom onset and further rose to a significantly higher level as compared to survivors ([Figures 1](#fig1){ref-type="fig"}A and 1C). A similar trend was observed for the PCT level, although it only began to increase in the late phase of the disease course ([Figure 1](#fig1){ref-type="fig"}B). In contrast, after symptom onset, the LYM% in non-survivors decreased quickly and remained at a significantly lower level as compared to survivors ([Figure 1](#fig1){ref-type="fig"}D). Unexpectedly, there was no obvious difference in blood LA levels between survivor and non-survivor groups ([Figure 1](#fig1){ref-type="fig"}E). In addition, non-survivors had obviously higher levels of viral load, indicated by ORF1ab Ct values, as compared to survivors ([Figure 1](#fig1){ref-type="fig"}F). Taken together, indicators CRP, PCT, IL-6, LYM%, and viral load could predict the mortality risk to varying extents. The strong predictive power of LYM% and IL-6 in mortality was also confirmed in a time-dependent ROC analysis ([Figure S1](#mmc1){ref-type="supplementary-material"}).Figure 1Validation of Indicators for the Prognosis of COVID-19 Patients(A--D) Levels of CRP (A), PCT (B), IL-6 (C), and LYM% (D) in the peripheral blood of survivors (n = 117) or non-survivors (n = 15) with COVID-19 from admission to discharge.(E) LA levels in the blood of survivors (n = 23) or non-survivors (n = 15) with COVID-19.(F) ORF1ab Ct values in viral tests with qRT-PCR in survivors (n = 55) or non-survivors (n = 15) with COVID-19.(G) Time windows of indicators for predicting prognosis. The initial day with difference (IDD) indicates the first day when the indicator levels were significantly different between two groups. The duration with difference (DD) indicates the time frame when the indicator levels were significantly different between two groups. Comparing two groups, the time points when the values of three consecutive measurements were significantly different were counted as days of DD. The endpoint of observation was 36 days after disease onset.The dotted arrow indicates the IDD. Data show means ± SEM. ∗∗∗p \< 0.001; a mixed model with repeated measure. CRP, C-reactive protein; PCT, procalcitonin; LYM%, lymphocyte percentage; LA, lactic acid; ns, not significant.

To descriptively study the potential of these measurements as predictors, we defined two assessment indexes. The initial day with difference (IDD) after disease onset was used to indicate the sensitivity of indicators in discriminating between two groups. The duration with difference (DD) in the disease course was used to indicate the reliability of discrimination. Comparing the two groups, the time points when the values of three consecutive measurements were significantly different were counted as days of DD. The end point of the observation was 36 days after disease onset, by which time most patients had either been discharged or died. Earlier IDD and longer DD indicated a better discrimination between two continuous curves. Results showed that indicators LYM%, CRP, and IL-6 had earlier IDD (2, 5, and 5 versus 20 and 10) and longer DD (35, 32, and 32 versus 12 and 27) than PCT and ORF1ab Ct values in distinguishing between survivors and non-survivors ([Figure 1](#fig1){ref-type="fig"}G). Notably, LYM% had the earliest IDD and longest DD ([Figure 1](#fig1){ref-type="fig"}G), indicating that it might be the most sensitive and reliable predictor for the prognosis of COVID-19 patients. Interestingly, in line with their better prognosis ([Table S1](#mmc1){ref-type="supplementary-material"}), female patients also had higher levels of LYM% than males in the disease course, according to a mixed model analysis ([Figure S2](#mmc1){ref-type="supplementary-material"}). These findings indicate that the immune status might determine the prognosis of COVID-19 patients.

CRP Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients {#sec3.2}
------------------------------------------------------------------------------

To validate the roles of the aforementioned indicators in disease classification, we retrospectively reclassified our cohort of patients into critically ill (n = 25), severe (n = 21), and moderate (n = 96). The critically ill patients were mainly male (76%) and older than the severe and moderate patients (76 ± 16 versus 49 ± 15 or 56 ± 16) ([Table S4](#mmc1){ref-type="supplementary-material"}). A mixed model analysis indicated that the critically ill and severe/moderate types of patients had significant differences in the levels of CRP while in the hospital ([Figure 2](#fig2){ref-type="fig"} A). According to analysis with IDD and DD, we observed that CRP could be used to discriminate between the critically ill and severe/moderate COVID-19 patients, with a better result in typing between critically ill and moderate patients ([Figure 2](#fig2){ref-type="fig"}B). However, CRP levels could not distinguish between severe and moderate types ([Figures 2](#fig2){ref-type="fig"}A and 2B).Figure 2CRP Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients(A) Blood CRP levels in critically ill (n = 25), severe (n = 21), and moderate (n = 96) patients with COVID-19 from admission to discharge.(B) Time windows of CRP for disease classification between critically ill, severe, and moderate types.The dotted arrow indicates the IDD. Data show means ± SEM. ∗∗∗p \< 0.001; a mixed model with repeated measure. ns, not significant.

PCT Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients {#sec3.3}
------------------------------------------------------------------------------

We next performed a mixed-model analysis to determine whether PCT levels could discriminate between critically ill and severe/moderate patients ([Figure 3](#fig3){ref-type="fig"} A). PCT was equally sensitive and reliable, classifying between critically ill and severe/moderate cases ([Figure 3](#fig3){ref-type="fig"}B). However, PCT levels could not distinguish between severe and moderate types.Figure 3PCT Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients(A) Blood PCT levels in critically ill (n = 25), severe (n = 21), and moderate (n = 96) patients with COVID-19 from admission to discharge.(B) Time windows of PCT for disease classification between those three types.The IDD is marked by the dotted lines. Data show means ± SEM. ∗p \< 0.05, ∗∗p \< 0.01, and ∗∗∗p \< 0.001; a mixed model with repeated measure. ns, not significant.

IL-6 Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients {#sec3.4}
-------------------------------------------------------------------------------

Likewise, we analyzed whether fluctuations in circulating IL-6 were significantly altered between critically ill and severe/moderate patients. Similar to CRP, we observed that IL-6 could be used to discriminate between critically ill and severe or moderate patients, but not between patients with moderate and severe COVID-19 ([Figure 4](#fig4){ref-type="fig"} A). This indicated that IL-6 had a similar effect in typing between the critically ill and severe patients and between the critically ill and moderate ones ([Figure 4](#fig4){ref-type="fig"}B).Figure 4IL-6 Discriminates between Critically Ill and Severe/Moderate COVID-19 Patients(A) Blood IL-6 levels in critically ill (n = 25), severe (n = 21), and moderate (n = 96) patients with COVID-19 from admission to discharge.(B) Time windows of IL-6 for disease classification between those three types.The IDD is marked by the dotted lines. Data show means ± SEM. ∗∗p \< 0.01 and ∗∗∗p \< 0.001; a mixed model with repeated measure. ns, not significant.

LYM% Distinguishes between Critically Ill, Severe, and Moderate COVID-19 Patients {#sec3.5}
---------------------------------------------------------------------------------

LYM% levels were notably different between critically ill, severe, and moderate groups according to a mixed model analysis ([Figure 5](#fig5){ref-type="fig"} A). Severe and critical patients had a rapid decrease of LYM% after disease onset. Severe patients had a subsequent restoration of LYM% 4 weeks after disease onset, whereas critical patients did not and, in some cases, had already succumbed to the disease by that time ([Figure 5](#fig5){ref-type="fig"}A). LYM% showed the earliest sensitivity and longest reliability in discriminating between groups ([Figure 5](#fig5){ref-type="fig"}B). These results indicated that LYM% could be a sensitive and reliable indicator to predict COVID-19 severity.Figure 5LYM% Distinguishes between Critically Ill, Severe, and Moderate COVID-19 Patients(A) Blood LYM% in critically ill (n = 25), severe (n = 21), and moderate (n = 96) patients with COVID-19 from admission to discharge.(B) Time windows of LYM% for disease classification between those three types.The IDD is marked by the dotted lines. Data show means ± SEM. ∗∗∗p \< 0.001; a mixed model with repeated measure.

LA Cannot Distinguish between Critically Ill and Severe COVID-19 Patients {#sec3.6}
-------------------------------------------------------------------------

LA levels were measured in blood gas assay, an analysis which is not commonly performed in moderately ill patients. We retrospectively investigated blood LA levels in the severe (n = 21) and critically ill patients (n = 25). However, there was no difference in the LA levels between these two groups of patients ([Figures 6](#fig6){ref-type="fig"}A and 6B)Figure 6LA Cannot Distinguish between Critically Ill and Severe COVID-19 Patients(A) Blood LA in critically ill (n = 25) and severe (n = 21) patients with COVID-19 from admission to discharge.(B) Time windows of LA for disease classification between critically ill, severe, and moderate.Data show means ± SEM. A mixed model with repeated measure. ns, not significant; ND, not detected.

Viral Load Distinguishes between Critically Ill and Moderate COVID-19 Patients {#sec3.7}
------------------------------------------------------------------------------

Unlike the indicators CRP, PCT, IL-6, or LYM%, ORF1ab Ct values were significantly altered only between critically ill and moderate groups ([Figure 7](#fig7){ref-type="fig"} A). Our analysis also showed that ORF1ab Ct values could not distinguish between severe and moderate or critically ill patients ([Figure 7](#fig7){ref-type="fig"}B).Figure 7ORF1ab Ct Values Distinguish between Critically Ill and Moderate COVID-19 Patients(A) ORF1ab Ct values in viral tests with qRT-PCR in critically ill (n = 25), severe (n = 15), and moderate (n = 40) patients with COVID-19 from admission to discharge.(B) Time windows of ORF1ab Ct values for disease classification between those three types.The IDD is marked by the dotted lines. Data show means ± SEM. ∗∗p \< 0.01; a mixed model with repeated measure. ns, not significant.

Discussion {#sec4}
==========

Given the worldwide prevalence of COVID-19, disease classification and prognostic indicators are of great significance in guiding treatment, conserving medical resources, and saving critically ill patients. In this study, we selected several reported risk factors for the prognosis of COVID-19 patients and further validated their predictive roles in disease outcome and classification. Most of the investigated factors were used for the first time to indicate the disease severity of COVID-19 patients.

We validated that the LYM% could be a sensitive and reliable predictor to distinguish between critically ill, severe, and moderate COVID-19 patients. Previous studies also supported the conclusion that lymphocyte count and function are closely related to the disease status of COVID-19.[@bib16] ^,^ [@bib24] Patients with lowered immunity, including elderly or immunocompromised individuals, commonly presented a lower level of lymphocytes and a worse prognosis after infection with SARS-CoV-2.[@bib25] According to the present descriptive study, we show that LYM% had the earliest IDD and longest DD among all the included indicators in disease classification and prognosis prediction. Notably, we found that LYM% was the only indicator that could distinguish between the moderate and severe patients. These results indicate that LYM% was the most sensitive and reliable indicator for COVID-19.

Notably, as we described above, the serum levels of IL-6 and CRP presented with a zigzag curve during the entire course of disease in critically ill patients. We speculate that this obvious change may be caused by medical intervention. Interestingly, the changes of serum levels of these two markers in moderate and severe patients were much more stable and lower than those in critical patients. These results indicate that refractory inflammatory reaction can predict a poor outcome. Patients with this feature should be prioritized for treatment in the early stage. In clinical practice, the curve of inflammatory indicators should be drawn dynamically, similar to body temperature.

The higher levels of inflammatory indicators and the lower level of LYM% lead to another interesting question: whether the inflammatory cytokine storm is due to impaired lymphocytes, such as T cells. As we know, some T cell subsets, i.e., regulatory T cells (Tregs), are responsible for inflammatory regulation.[@bib26] ^,^ [@bib27] The impaired function of Tregs may contribute to the uncontrolled inflammation in critical patients. It should be noted that, in the late stage of non-survivors, all the levels of proinflammatory indicators, LYM%, and LA displayed an acute increase ([Figures 1](#fig1){ref-type="fig"}A--1E). This phenomenon indicated a significant dysregulation of inflammation, immunity, and metabolism in these dying patients.

Persistently low levels of ORF1ab Ct values in viral tests indicated sustained high levels of viral load in the critically ill patients.[@bib15] However, it should be noted that there were no obvious differences in the duration of viral shedding between the severe and non-severe patients, which was consistent with a previous study.[@bib8] Recently, we reported a moderate patient with long duration of viral shedding for 49 days.[@bib28] This phenomenon was in line with evidence of asymptomatic infection reported in some populations.[@bib29]

Conclusions {#sec4.1}
-----------

In the present study, based on the information obtained from 142 patients with COVID-19, we analyzed the predictive power of several reported indicators for disease severity and prognosis. We found that CRP, PCT, IL-6, LYM%, and viral load could predict the prognosis and guide classification of COVID-19 patients to different extents. LYM% was the most sensitive and reliable predictor for disease outcome and classification, especially for the typing of severe and moderate cases. During the COVID-19 pandemic, precise classification and prognosis prediction are critical for saving insufficient medical resources, stratifying treatment, and improving the survival rate of critically ill patients. We recommend that LYM% be used independently or in combination with other indicators in the management of COVID-19.

Limitations of Study {#sec4.2}
--------------------

First, this study is a retrospective study in a single center and the conclusions obtained need to be further verified by other centers. Second, the sample size of the non-survivor group in this study is not large enough to exclude bias in the results of the analysis. Third, this study only suggests the potential of a series of indicators in disease typing and prognosis, and their validation and implementation in the clinic need to be further explored.

STAR★Methods {#sec5}
============

Key Resources Table {#sec5.1}
-------------------

REAGENT or RESOURCESOURCEIDENTIFIER**Biological Samples**Patients blood samples and nasal swabsThis studyN/A**Critical Commercial Assays**C-Reactive Protein ReagentsLifotronic Technology Co., Ltd8319178Elecsys® BRAHMS PCTRoche Diagnostics GmbH05056888 200Elecsy® IL-6Roche Diagnostics GmbH05109442 190Fluorocell WDFSysmex CorporationCV377552Lysercell WNRSysmex CorporationAN577063Lysercell WDFSysmex CorporationCV377552Lysercell WPCSysmex CorporationCS412800SULFOLYSERSysmex Corporation83401621CELLPACK DFLSysmex CorporationBN337547Radiometer ABL800(Lactic acid)RadiometerN/ASARS-CoV-2 RT-qPCR KitDAAN Gene CorporationDA0930Nucleic Acid Isolation KitTianlong Science and Technology Co., LtdT183**Oligonucleotides**Primer sequences for the ORF1ab: Forward primer (F): CCCTGTGGGTTTTACACTTAA; Reverse primer (R): ACGATTGTGCATCAGCTGA; Fluorescent probe (P): 5′-FAM-CCGTCTGCGGTATGT\
GGAAAGGTTATGG-BHQ1-3′DAAN Gene CorporationDA0930**Software and Algorithms**GraphPad 8.01.244GraphPad<https://downloadly.win/graphpad-prism-8-0-1-244/>SPSS Statistics for Windows, version 18.0 (SPSS 18.0)SPSS Inc., Chicago, Ill., USA<https://www.ibm.com/support/pages/downloading-ibm-spss-modeler-180>R 3.6.3Bell Laboratories (formerly AT&T, now Lucent Technologies) by John Chambers and colleagues.<https://www.r-project.org/>

Resource Availability {#sec5.2}
---------------------

### Lead Contact {#sec5.2.1}

Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Hongming Miao (<hongmingmiao@sina.com>).

### Materials Availability {#sec5.2.2}

This study did not generate new unique reagents.

### Data and Code Availability {#sec5.2.3}

This study did not generate or analyze datasets.

Experimental Model and Subject Details {#sec5.3}
--------------------------------------

### Patient information {#sec5.3.1}

All cases were taken from the General Hospital of Central Theater Command (Wuhan, Hubei province, People's Republic of China). This study was approved by the Ethics Committee of the hospital. All subjects signed informed consent forms at admission to hospital. A total of 142 patients hospitalized between January 14, 2020 and March 14, 2020 were investigated, of which 96 cured cases were moderate type, 21 cured cases were severe type and 25 death cases were critically ill type. Among the critically ill, 15 patients died. The information on gender, age, comorbidities and complications in these patients were presented in [Table S1--S4](#mmc1){ref-type="supplementary-material"}. All patients were confirmed by viral detections of SARS-CoV-2 via oropharyngeal swabs using quantitative RT-PCR for ORF1ab, which ruled out infection by other respiratory viruses such as influenza virus A, influenza virus B, coxsackie virus, respiratory syncytial virus, parainfluenza virus and enterovirus.

Method Details {#sec5.4}
--------------

### Disease classification and discharge criteria {#sec5.4.1}

All cases were diagnosed and classified according to the New Coronavirus Pneumonia Diagnosis Program (5th edition) published by the National Health Commission of China. Clinical manifestations consist of four categories, mild, moderate, severe and critically ill. The mild clinical symptom were mild with no pulmonary inflammation on imaging. The moderate is the overwhelming majority, showing symptoms of respiratory infections such as fever, cough, and sputum, and pulmonary inflammation on imaging; when symptoms of dyspnea appear, including any of the following: shortness of breath, RR ≥ 30bpm, blood oxygen saturation ≤ 93% (at rest), PaO~2~ / FiO~2~ ≤ 300 mmHg, or pulmonary inflammation that progresses significantly within 24 to 48 hours \> 50%, it was classified as severe; respiratory failure, shock, and organ failures that require intensive care were critically ill. Among them, mild patients were not admitted in this designated hospital.

The patient can be discharged if he/she simultaneously meets the following conditions recommended in the guidelines: 1) The body temperature returns to normal for more than 3 days. 2) Respiratory symptoms improve significantly. 3) Pulmonary imaging shows significant improvement in acute exudative lesions. 4) Negative nucleic acid test for two consecutive sputum and nasopharyngeal swabs and other respiratory tract specimens (at least 24 hours apart).

### Laboratory examination of blood samples {#sec5.4.2}

Serum CRP levels were determined by the turbidimetry (Lifotronic PA900, Shenzhen, China). Serum PCT and IL-6 concentrations were measured by the electrochemiluminescence immunoassay (Roche COBAS e411, Mannheim, Germany). Routine blood tests including LYM% were performed by a hematology analyzer (Sysmex XN-9000, Kobe, Japan). LA levels were determined by a blood gas analyzer (Radiometer ABL800, Copenhagen, Denmark).

### Quantitative RT-PCR assay for SARS-CoV-2 {#sec5.4.3}

The pharyngeal swab of patients were collected and the total RNA was extracted using the nucleic acid extraction kit (Tianlong, Xi'an, China). The quantitative RT-PCR assay was performed using a SARS-CoV-2 nucleic acid detection kit (Chinese Center for Disease Control and Prevention recommended) according to the manufacturer's protocol (DAAN Gene, Guangzhou, China). Open reading frame 1ab (ORF1ab) was simultaneously amplified and tested during the quantitative RT-PCR assay. A cycle threshold value (Ct-value) less than 40 was defined as a positive test result, and a Ct-value of 40 or more was defined as a negative test.

### Data collection {#sec5.4.4}

In this study, the basic information, complete blood count, serum biochemical test, inflammatory indicators, viral load and disease outcome of all included patients were collected from admission to discharge or death. This study was approved by the Ethics Committee of the hospital. All subjects signed informed consent forms at admission to hospital.

Quantification and Statistical Analysis {#sec5.5}
---------------------------------------

In this study, GraphPad 8.01.244, SPSS 18.0 and R 3.6.3 were used for data mapping and statistics. Mann-whitney U test was used for comparison between two groups of continuous data, and kruskal-wallis H was used for comparison between multiple groups. Group comparisons for categorical variables were performed by using the Chi-square or Fisher exact probability methods. The laboratory examination indexes were expressed as the means ± s.e.ms. and were analyzed using a mixed model with repeated-measure. If the difference between two groups was significant, a descriptive study would be performed. Initial day with difference and duration with difference between two groups were used to respectively indicate the sensitivity and reliability of predictors for discrimination roughly. To calculate the hazard ratios (HR) of IL-6 and LYM%, the univariable Cox proportional hazard ratio regression model was performed. The sensitivity and specificity of prognostic indicators were evaluated by the time-dependent receiver operating characteristic (ROC) curve and the area under the ROC curve (AUC) was quantified by the timeROC package. All tests were bilateral, and p \< 0.05 was considered statistically significant. For each parameter of all data presented, ∗ indicates p \< 0.05, ∗∗ indicates p \< 0.01 and ∗∗∗ indicates p \< 0.001.

Supplemental Information {#appsec2}
========================

Document S1. Figures S1 and S2 and Tables S1--S4 Document S2. Article plus Supplemental Information
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